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Impact of anemia on prognosis in tuberculosis patients
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Background: Anemia is one of the risk factors for tuberculosis (TB), and more than 90% of TB patients
suffer from anemia. The majority tuberculosis patients who had poor prognosis experienced anemia during
the course of treatment. The objective of our study is to analyse the influences of anemia on the prognosis of
tuberculosis patients in terms of pulmonary M. tuberculosis loads, lung pathology, and clinical factors.
Methods: In this retrospective cohort study, 155 TB patients in Shanghai were divided into the anemia-
tuberculosis (A-TB) group and non-anemia-tuberculosis (NA-TB) group. We analysed bacteria counts
in sputum smear and sputum smear conversion time between two groups. We evaluated the pulmonary
pathology of cavity and effusion in A-TB patients. Logistic regression analysis was performed to explore the
potential correlations of anemia with sputum bacterial load and pulmonary pathology. We compared clinical
factors including the immune factors and inflammatory cells.

Results: Compared with the NA-TB (n=89) group, the A-TB group (n=66) had poorer improvement of
lung injury in terms of cavity closure (4.7+3.59 vs. 10.56+7.42; P=0.036) and fluid improvement [4 (30.77%)
vs. 12 (92.31%); P=0.001] during conventional treatment. At the start of treatment, the immune factors
complement 4 (C4) [0.25 (0.19, 0.295) vs. 0.3086+0.076; P=0.006] and C-reactive protein (CRP) [3.2 (3.2,
21.5) vs. 19.5 (6.25, 78.35); P=0.016] were significantly higher in A-TB with NA-TB. During the course of
treatment, the gradual decrease in the absolute number of lymphocytes (LYM#) (P=0.0012, r=-0.3400) and
the gradual increase in the absolute number of monocytes (MONO#) (P=0.0050, r=0.2968), the absolute
number of basophils (BASO#) (P=0.0213, r=0.2451), the red blood cell distribution width-coefficient (RDW-
CV) (P=0.0136, r=0.2651), suggesting poor prognosis in anemic TB patients.

Conclusions: Anemia is a risk factor for lung injury in TB patients. Inflammatory factors and inflammatory

cells are increased during treatment in A-TB patients.
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Introduction was the top cause of death from a single infectious agent
and the 13th leading cause of death worldwide (1). In 2020,
According to estimates of cause of death published by the there were 9.87 million new tuberculosis (TB) cases and an

World Health Organization (WHO) in 2019, tuberculosis estimated 1.28 million deaths due to TB globally. Anemia
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is one of the risk factors for TB and is also a common
complication of TB (2). The prevalence of anemia in TB
patients ranges from 20% to 94% (3-6). Anemic patients
were 3.56 times (95% CI: 2.53-5.01) more likely to have
TB than non-anemic patients, and the risk of TB in anemic
patients was 2.01 times (95% CI: 1.70-2.37) higher than in
non-anemic patients. In addition, the risk of TB increases
with the severity of anemia (7).

In most cases, tuberculosis-associated anemia is caused
by anemia of inflammation (AI) (7-9) and can be partially
resolved by anti-TB treatment. In some Asian studies, the
prevalence of anemia at TB diagnosis decreased by 67%
and 88%, respectively, after completion of TB treatment
without additional iron-based intervention for anemia
(10,11), suggesting a good recovery from anemia in cured
TB patients. However, data for uncured TB patients have
not been available. The incidence of malnutrition is high
in TB patients. In Ethiopia, anemic TB patients had a
3.23 times higher risk of malnutrition than non-anemic TB
patients (9). Iron deficiency is another major cause of TB
anemia (12,13).

Anemia has been shown to be an independent predictor
of disease progression and death in TB patients, and
studies have shown that anemia is associated with poor
prognosis and increased risk of death in TB patients
(14-17). A Brazilian study (10) showed that among 191
TB patients living with human immunodeficiency virus
(HIV), persistent anemia was the major determinant of
unfavorable outcomes (14 of 18 participants, 77.8%). A
retrospective study analyzed hematological markers in 118
T'B patients during the first 60 days of treatment and found
that the inflammation indicators in anemic TB patients
were partially restored on the 60th day of treatment (9).
However, only changes within 60 days were observed,
and the authors did not analyze changes in hematological
indicators during the complete anti-TB treatment course.

In the current study, biomarkers such as prealbumin
(PA), transferrin (TRF) and uric acid have been found to
be related to anemia (18,19). C-reactive protein (CRP) has
been found to be a useful biomarker in screening TB-HIV
(20). Platelet distribution width, low density lipoprotein
cholesterol, HDL-C, and apolipoprotein A have been found
to be risk factors for severe lung injury in tuberculosis
patients with diabetes (21). However, there is a lack of
biomarker studies on tuberculosis associated anemia.

Only a small number of studies have explored the
poor treatment outcomes in anemia-tuberculosis (A-TB)
patients. Here, we performed a detailed analysis of sputum
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bacterial load, imaging findings, and peripheral biomarkers
through a 3-year retrospective study in cured and uncured
A-TB patients to determine the impact of anemia on the
prognosis of TB patients. Meanwhile, we aimed to identify
new clinical factors that are related to severe lung injury in
A-TB patients, which may be helpful for early prevention
and intervention in A-TB patients with poor outcomes.
We present the following article in accordance with the
STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-679/rc).

Methods
Subjects

The study we used was a retrospective cohort study that
selected 155 patients aged 18-70 years who tested positive
for Mycobacterium ruberculosis (culture-positive, smear-
positive, and Xpert MTB-RIF-positive) and were admitted
to Shanghai Pulmonary Hospital from January 1, 2018 to
December 31, 2018.Patient information including current
medical history, discharge diagnosis, symptoms, signs,
and comorbidities, as well as biochemical, hematological,
and immunological parameters and imaging findings
were collected from the Shanghai Pulmonary Hospital
information processing database and electronic medical
recording system. Patients with a variety of comorbidities
(e.g., liver and kidney diseases and diabetes) were excluded,
since these comorbidities may affect prognosis. Patients
with incomplete information were also excluded.

Criteria for assessing TB response to treatment

According to the definitions and reporting framework for
tuberculosis (2013 revision), “cured” was defined as a patent
who had completed treatment according to the program
protocol and who has been consistently bacteriologically
negative (with at least 2 results), while patients who tested
positive for Mycobacterium tuberculosis or whose clinical symptoms
were not improved were considered treatment failures (22).

Computed tomography (CT) findings

CT data were collected from 155 TB patients over the
period from their first admission in 2018 to their last visit
to detect the degree of lung infection, cavitation, and fluid
accumulation. CT images were read and interpreted by
2 experienced radiologists. The lungs were divided into
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Table 1 Demographic and clinical profiles of anemic and non-anemic tuberculosis patients

Characteristics Non-anemia (n=89) Anemia (n=66) P value

Sex®
Male 52 (58.43) 33 (50.00) 0.297
Female 37 (41.57) 33 (50.00)

Age (y)° 36 (25.50-52.00) 35 (29.75-54.25) 0.348
18-30 35 (39.32) 18 (27.27) 0.227
31-50 30 (33.71) 30 (45.46)

51-70 24 (26.97) 18 (27.27)

Hemoglobin (g/dL)° 9.85 (8.5-11.3) 14.75 (13.4-16.2) <0.0001°
Cough® 56 (62.92) 46 (69.70) 0.379
Fever® 16 (17.98) 18 (27.27) 0.167
Hemoptysis® 16 (17.98) 8(12.12) 0.319

2 P <0.0001 is considered statistically significant; °, ° test, data are presented as percentage (%); °, Wilcoxon signed-rank test, data are

presented as medians (M) with quartiles (Q).

6 regions, with upper, middle, and lower zones on the
left and right sides, to observe the infection zones in the
lungs (11). The rate of cavity closure was calculated based
on cavity reduction and closure status (12). The presence of
pleural effusion, if any, and the effusion improvement were
learned from previous CT reports.

Clinical factors measurements

The biochemical data were retrieved from the electronic
case management system, including the results of
pulmonary function testing, blood gas analysis, routine
blood tests, automatic biochemical analysis, and protein
electrophoreses. The records of routine blood tests were
complete for all subjects, and changes in different clinical
factors in the cured and uncured groups were collected.

Statistical analysis

Statistical analysis was performed using SPSS 25.0
software package or GraphPad Prism 8 software. The
mean * standard deviation (* = SD) was used for normally
distributed measurement data, and medians (M) and
quartiles (Q) were used for non-normally distributed data.
Count data are expressed by frequencies. The normally
distributed continuous data were analyzed by the #-test
and categorical data by the i’ test. Fisher’s exact test was
performed when the theoretical frequency was <5 or when
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the total sample size was <40. The non-normally distributed
continuous variables were compared using a non-parametric
test (i.e., Wilcoxon signed-ranks test). Logistic regression
analysis was performed to explore the potential correlations
of anemia with sputum bacterial load and pulmonary injury.
P<0.05 shows that there is statistical significance.

Ethical approval

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). This study was approved
by the Ethics Committee of Shanghai Pulmonary Hospital,
Tongji University School of Medicine (Shanghai, China)
(K19-060Y). Verbal informed consent was given by all the
subjects to use their clinical information for this study.

Results
Patient characteristics

A total of 155 patients entered the final analysis and were
divided into the A-TB group (n=66, 42.58%) and non-
anemia-tuberculosis (NA-TB) group (n=89, 57.42%) for
anemia at the initiation of tuberculosis therapy. There
were 33 males (50.00%) in the A-TB group and 52 males
(58.43%) in the NA-TB group. The median age was
not significantly different between the A-TB group
(35 years) and NA-TB group (36 years) (P=0.348).
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Figure 1 Effect of anemia on the cure rate and the results of sputum smear examination in tuberculosis patients (P<0.05 is considered
statistically significant). (A) Comparison of the cure rate between the non-anemia-tuberculosis (NA-TB) and anemia-tuberculosis (A-TB)
groups at the time of diagnosis. (B) Comparison of cure rates between male and female patients in the NA-TB and A-TB groups at the time
of diagnosis. (C) Difference in sputum bacterial load between the NA-TB and A-TB groups. 1+, 1-9 acid-fast bacillus (AFB)/100 fields; 2+,
1-9 AFB/10 fields; 3+, 1-9 AFB/field; 4+, >9 AFB/field. (D) Comparison of time to sputum smear conversion between the NA-TB and A-TB

groups.

Symptoms including cough, fever, and hemoptysis did not
significantly differ between these 2 groups (1able I).

Reduced cure rate in anemic TB patients

The retrospective analysis over a 3-year period revealed that
36 patients (54.55%) in the A-TB group and 68 patients
(76.40%) in the NA-TB group were cured, showing a
significant decrease in the cure rate for A-TB (by 21.85%;
P=0.004) (Figure 1A). In the A-TB group, the cure rate
was significantly higher in females than in males (P=0.025)
(Figure 1B). The analysis of the sputum bacterial load
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showed that the A-TB group had a significantly higher
bacterial load (Figure 1C), and the analysis of sputum smear
turnaround time showed that the A-TB turnaround time
was significantly longer (P=0.009) (Figure 1D).

Increased pathological damage in the lungs of patients in
the A-TB group

According to the CT reports of TB patients, there were
significantly more infection zones in the lungs of patients in
the A-TB group (M=3, Q: 1-6) than in the NA-TB group
M=2, Q: 1-4) (P=0.034) (Figure 2A). Analysis of the CT
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Figure 2 Correlation between anemia and lung injury in patients with tuberculosis. (A) Comparison of lung injured zones between the non-

anemia-tuberculosis (NA-TB) group and anemia-tuberculosis (A-TB) group. (B,C) Comparisons of cavities and cavity closure between the

NA-TB group and A-TB group. (D) Comparison of the time to effusion improvement and cavity closure between the NA-TB group and

A-TB group. (E,F) Comparison of effusion and effusion improvement between the NA-TB group and A-TB group.

reports at the start of treatment revealed that 25 patients
(37.88%) in the A-TB group had cavities in the lungs,
which was significantly higher compared to that in the NA-
TB group (P=0.024) (Figure 2B). During treatment, cavity
reduction and closure were similar between the 2 groups
(Figure 2C), but the time required for cavity closure was
significantly longer in the A-TB group (P=0.036) (Figure 2D).
Thirteen patients from either the A-TB group and NA-TB
group developed pleural effusion (Figure 2E), and the rate of
effusion improvement was significantly lower in the A-TB
group (P=0.001) (30.77% vs. 92.31%) (Figure 2F).

Anemia was associated with increased sputum bacterial

load and severe pulmonary injury

Logistic regression analysis showed that anemia was a risk
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factor for poor prognosis in TB patients, mainly by causing
increased sputum bacterial load and severe lung injury
(Table 2). Compared with those in the NA-TB group,
patients in the A-TB group had a reduced ability to clear
the T'B bacilli or control their proliferation, putting patients
at a higher risk of having more TB bacilli in their lungs (OR,
2.217; 95% CI, 1.054-4.655; P=0.036). In terms of lung
injury in TB patients, anemia was associated with increased
risk factors including enlargement of the infection zones
in lungs (OR, 1.919; 95% CI, 1.056-3.494; P=0.033) and
formation of cavities (OR, 2.078; 95% CI, 1.003-4.305;
P=0.049).

Immune factors suggest poor prognosis in the A-TB group
We analyzed some clinical factors in the A-TB and NA-
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Table 2 Associations of anemia with sputum bacterial load and pulmonary pathology

Lung injury OR (95% Cl) P value OR1 (95% Cl) P value OR2 (95% Cl) P value
Effusion 1.583 (0.677-3.702) 0.289 1.657 (0.703-3.907) 0.248 1.585(0.67-3.747) 0.294
Cavity 2.078 (1.003-4.305) 0.049 2.7 (1.211-6.021) 0.015 2.145(1.011-4.552)  0.047

Infection zone (1, 2, 3, 4, 5, and 6) 1.919 (1.056-3.494) 0.033 2.018(1.105-3.688) 0.022 2.065(1.127-3.778) 0.019

Sputum bacterial load (1+, 2+, 3+, and 4+)  2.217 (1.054-4.655) 0.036 2.277 (1.08-4.802)  0.031 2.273 (1.074-4.811)  0.032

The OR value was obtained by logistic regression analysis. OR1, after gender adjustment; OR2, after age adjustment. P<0.05 is
considered statistically significant.
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Figure 3 Differences in clinical factors in tuberculosis patients at the start of treatment (P value of <0.05 is considered statistically
significant). (A) MetHb = methemoglobin; (B) RDW-SD = red blood cell distribution width-standard deviation; (C) PA = prealbumin; (D)
C4 = complement 4; (E) CRP = C-reactive protein; (F) A2 = globulin a2.

TB groups (1able 3). In the A-TB group, methemoglobin
(MetHb) (P=0.026) (Figure 3A), red blood cell distribution
width-standard deviation (RDW-SD) (P=0.021) (Figure 3B),
prealbumin (PA) (P=0.045) (Figure 3C), complement 4 (C4)
(P=0.006) (Figure 3D), C-reactive protein (CRP) (P=0.016)
(Figure 3E), and globulin a2 (A2) (P=0.023) (Figure 3F) were
significantly different between cured patients and non-cured
patients, while no such differences were found in the NA-
TB group. It suggests that conventional anti-TB treatment
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maybe cause poor prognosis when the above clinical factors
are abnormal in the A-TB group.

The level of transferrin (TRF) significantly differed
between cured and uncured patients in both the A-TB
and NA-TB groups. In the NA-TB group, eosinophil %
(EO%) (P=0.031), low-density lipoprotein (LDL) level
(P=0.039), and immunoglobulin M (IgM) level (P=0.034)
in uncured patients were significantly different from those
in cured patients. However, no such differences were
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Table 3 Differences in immune factors in anemic and non-anemic tuberculosis patients
Non-anemia Anemia
Parameter
Success Failure P value Success Failure P value

MetHb 0.7 (0.5-1.1) 0.9 (0.5-1.2) 0.699 0.9528 0.6926 0.026
RDW-SD 40.9 (39.1-43.3) 42.1 (40.2-44.3) 0.252 41.85 (39.63-44.03) 40 (38.2-41.8) 0.021
PA 192.3706 194.0769 0.896 176.5556 143.88 0.045
C4 0.24 (0.22-0.30) 0.21 (0.19-0.3) 0.236 0.25 (0.19-0.29) 0.31(0.25-0.34) 0.006
CRP 4.4 (3.2-12.5) 3.2 (3.2-18.75) 0.825 3.2 (3.2-21.5) 19.5 (6.25-78.35) 0.016
A2 10.5926 7.25 (5.9-10.35) 0.357 9.95 (8.92-11.67) 11.8269 0.023
TRF 2.0026 1.8196 0.039 2.0806 1.75 0.035
EO% 1.9 (1-3.3) 2.7 (1.7-3.8) 0.031 1.55 (0.925-2.7) 2 (0.9-2.6) 0.607
AFU 16 [14-20] 19.346 0.049 14.889 15.5[13-18] 0.495
LDL-C 2.4298 2.828 0.039 2.37 (1.93-2.65) 2.579 0.394
IgM 1.13 (0.84-1.56) 0.9528 0.034 1.322 1.06 (0.825-1.2) 0.054
LYM# 1.69 (1.27-2.02) 1.591 0.33 1.564 1.15 (0.98-1.79) 0.219
MONO 0.574 0.5 (0.41-0.69) 0.444 0.525 (0.4-0.61) 0.650 0.053
NEUT# 3.88 (3.12-4.96) 3.81 0.23 4.104 4.293 0.300

P<0.05 is considered statistically significant. MetHb, methemoglobin; RDW-SD, red blood cell distribution width-standard deviation;
PA, prealbumin; C4, complement 4; CRP, C-reactive protein; A2, globulin 02; TRF, transferrin; EO%, eosinophil %; AFU, a-L-fucosidase;
LDL-C, low-density lipoprotein cholesterol; IgM, immunoglobulin M; LYM#, absolute lymphocyte count; MONO, absolute monocyte count;

NEUT#, absolute neutrophil count.

observed in the A-TB group (7able 3). Notably, most clinical
factors including absolute LYM# and MONO showed no
significant differences between cured and uncured patients
at the start of treatment.

Inflammatory cells suggested a poor prognosis during
treatment

Serial analyses of the changes in peripheral blood clinical
factors in cured and non-cured patients in both the A-TB
group and NA-TB group using multiple sample sizes
over a long period of time showed that LYM# (P=0.0012,
r=-0.3400) (Figure 44,4B), MONO (P=0.0050, r=0.2968)
(Figure 4C,4D), absolute basophil count (BASO#) (P=0.0213,
r=0.2451) (Figure 4E,4F), and red blood cell distribution
width-coefficient (RDW-CV) (P=0.0136, r=0.2651)
(Figure 4G,4H) were important clinical factors of poor
outcomes during treatment in the A-TB group. The above
indicators were consistently decreased or increased only
in non-cured patients in the A-TB group. In the NA-TB
group, however, the changes were opposite between cured

© Annals of Translational Medicine. All rights reserved.

and non-cured patients, suggesting a similar trend in only
uncured anemic patients.

Discussion

Anemia is a common complication of TB. In TB patients, the
prevalence of anemia ranges from 20% to 94% (2-6). In our
current study, the prevalence of anemia in 155 TB patients
was 42.58%. Anemia is associated with the prognosis of TB
patients (8,23,24), but this link has not been well elucidated.
As a recently proven immune factor (25) and one of the
manifestations of malnutrition (26), anemia typically co-
exists with other immune-impairing diseases (e.g., diabetes
and hepatitis) in TB patients, and therefore it is difficult to
specify its clinical significance as a single factor in TB. In
our current study, a detailed background classification of a
large number of TB patients from a single region (Shanghai)
was performed to screen patients with TB alone and TB
patients with abnormal anemia indicators alone. This 3-year
retrospective study revealed that anemia is a key risk factor
for the poor prognosis of TB. Anemia resulted in lower TB
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Figure 4 Changes in clinical factors in tuberculosis patients during treatment (P value of <0.05 is considered statistically significant;

r>0 means a positive correlation and r<0 indicates a negative correlation). (A,B) LYM# = absolute lymphocyte count; (C,D) MONO =
absolute monocyte count; (E,F) BASO# = absolute basophil count; (G,H) RDW-SD = red blood cell distribution width-standard deviation.

cure rates, higher sputum bacterial load, and larger infection
zones in the lungs, and as a result, more cavities were formed
and cavity healing was slower.

The A-TB group had a higher sputum bacterial
load. Sputum TB bacillary load and time to conversion
are suggestive of good or bad prognosis (27,28). While
immunodeficiency diseases such as diabetes mellitus and
nephritis (21,29) have been reported to result in higher
sputum bacillary load, few studies have described the similar
role of anemia. In our current study, the bacillary load in the

© Annals of Translational Medicine. All rights reserved.

sputum smear was significantly higher in the A-TB group
than in the NA-TB group. In addition, anemia was associated
with the delay in sputum smear conversion (30). Time to
sputum conversion in anemic TB patients was significantly
longer than in non-anemic TB patients, suggesting a higher
likelihood of poor prognosis in the anemic group (31).

Lung injury is more severe in T'B patients. It can be
used to predict the severity of TB (32-34). It was found that
increased lung injury in HIV-TB patients was associated

with higher CD4 counts (35) and that DM-TB patients had
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more severe lung damage and more cavities (21). Studies
that include anemia as a single factor are lacking. In our
current study, we found that anemia as a single influencing
factor equally led to increased lung injury and delay in cavity
closure and effusion improvement. Furthermore, logistic
regression analysis showed that anemia was a risk factor
for severe lung injury in terms of sputum bacterial load,
infection zones, cavities, and effusion, again confirming the
above findings.

Anemia has been found to cause significant changes in
CRP, TRE, and uric acid levels (18,19), which were shown
to correlate with anemia prevalence; however, no molecular
markers associated with poor A-TB prognosis were noted
in these studies. The present study focused on biomarkers
at the start of treatment for non-cured A-TB patients and
found significant differences in CRP, C4, PA, and A2 levels,
which were associated with poor prognosis. PA is regarded
as an inflammatory marker that is suggestive of anemia and
malnutrition (36,37). CRP has been found to be a useful
biomarker in screening TB-HIV (20). CRP, C4, PA, and A2
are molecular markers of poor prognosis in A-TB patients,
as shown in our current study.

In an attempt to comprehensively the changes in clinical
factors in A-TB patients during treatment, we analyzed all
patients with untreated A-TB over a long period of time,
with an interval of 3 months. Data by patient report or
hospital records were statistically analyzed. The results
showed that LYM# decreased with treatment time, BASO#,
RDW-SD, and MONO# increased during treatment, which
changes in these factors can be used to assess the prognosis
in A-TB patients.

Generally, our data include immune factors,
inflammatory cells and lung injury revealed poor prognosis
in A-TB, this is useful a new treatment regimens that refer
to these clinical factors may increase the cure rate and
shorten the duration of treatment in A-TB patients.

Nevertheless, our research had some limitations. First,
the relatively small sample size might have caused potential
biases. For example, when we analyzed the resolution time
of pleural effusion, the small number of patients showing
improved effusion in the A-TB group resulted in a small
sample size, and thus might have caused bias. Second,
during the analysis of the treatment process, we only had
complete data on routine blood tests in our database, and
no complete information related to other clinical factors
was available. As a result, dynamic analyses of the remaining
clinical factors during treatment were not possible.

© Annals of Translational Medicine. All rights reserved.
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